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Communication Sciences
and Disorders

The McGurk Illusion: A Study of Bimodal Speech Perception (88 pp.)
Director: Michael K. Wynne, P h .D .^ ^ ^
This study examined perceptual responses to the McGurk illusion
w hich involves the simultaneous presentation o f conflicting auditory
and visual stim uli. The strength of the McGurk illusion using the
consonants / b / and /g / in combination w ith the vowels /a / and / i /
was examined across fo u r subject age groups; 3-5. 11-13, 21-25,
55-65. The results indicated significant differences and interactions
across a ll main effects including age, vowel, and condition. Contrary to
hypotheses presented in the lite ra ture, descriptive analysis of the data
indicated th at the percepts o f young children are affected by the
a u d ito ry/visu a l conflict of certain stim ulus combinations. Further
descriptive analysis provided intriguing trends in term s of response
types w ith in and across subjects. Although the manner in which the
illu sio n was manifested varied across age groups, individuals tended
to be either m arkedly affected or not affected by the a ud itory/visual
conflict. The previously unexplored area of the McGurk illusion in the
senior population yielded particularly striking results. Unlike the
three younger age groups, the senior subjects were found to be
strongly and affected by all fo ur experim ental condition o f the McGurk
illusion.
Several theories regarding the origin of developmental differences
w ere discussed in lig h t of both the past and present findings. These
theories included differences in lip reading skills, physiological
capabilities of in te r modal perception, and attention strategies.
A ttentional strategies were particularly emphasized as a novel b u t
p ote n tially productive tra in of thought fo r fu rth e r study. Descriptive
analyses of the data was also perform ed fo r relationships involving
the variables of gender and responses type distribution. Suggestions
and discussion regarding the need fo r fu rth e r research and possible
areas o f study w ith in in te r modal speech perception were presented.
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CHAPTER 1: INTRODUCTION
The nature of speech perception has been investigated by researchers of
many disciplines, y e t it remains re la tive ly undefined even after decades of
study. Over the years, numerous theories have been put fo rth and heralded
as valid. Unfortunately, these theories have eventually fallen to disrepute
through the presentation of contradictory evidence. Such was the evidence
discovered in 1976 by McGurk and MacDonald in th e ir study Hearing lips
and seeing voices.

Their findings, w hich cannot be explained by any current

theory of speech perception, are the focus of this research.
P rior to the above mentioned study, the perception of speech had
generally been regarded as an exclusively auditory event. As discussed by
MacDonald & McGurk (1978), the role o f vision in speech perception was
tra d itio n a lly considered in only tw o ways. First, a num ber of studies had
examined vision as an alternative mode to hearing fo r language input. These
papers focused on speech/lip reading skills of hearing-im paired children and
adults. Second, vision has been considered as having a compensatory or
com plem entary role to the auditory perception of speech under conditions of
noise. The role is compensatory in that visual cues are used when auditory
cues are more d iffic u lt to perceive. In summary, vision had only been
regarded in either an independent or additive manner. The findings of
McGurk and MacDonald (1976) questioned these assumptions and forced
models of speech perception to account fo r percepts based on the active
integration of visual and auditory stim uli.
McGurk and MacDonald (1976) found th at when the auditory inform ation
fo r certain consonant-vowel (CV) syllables was presented simultaneously
w ith the visual inform ation for d iffe re n t CV syllables, the resulting auditory
percepts consistently reflected neither o f the true presentations in a pure
1
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manner. W ithin phoneme combinations involving /p /. /b /, /k /. and /g /. the
strongest effect occurred w ith the auditory presentation of /b a / and the
visual presentation of /g a /. This combination resulted in the speech percept
/ da/, thereby suggesting an interactive relationship between hearing and
seeing. Since the publication of this study, the relationship between vision
and audition in the perception of speech has been referred to by various
names including The McGurk Illusion", bim odal speech perception , and
"interm odal speech perception .
In addition to revealing the interactive effect between vision and
audition. McGurk and MacDonald (1976) also studied the strength of this
effect across three age groups; preschool children, school age children, and
adults. Table 1 presents the overall results of responses to stim uli
containing conflicting auditory and visual components. Included in the
experim ent were conflicting presentations of /b a / and /g a / and conflicting
presentations of /p a / and /k a /. The results suggested that adults were more
heavily influenced by visual input during speech perception than were the
children o f either group. Unfortunately, the authors did not propose an
explanation fo r this trend.
Several studies, w hich are discussed in the follow ing section, have
examined the McGurk Illusion through variations of the McGurk and
MacDonald (1976) study. The original study, however, did not adequately
describe subject crite ria and methodology. For example, the authors
provided v e ry little inform ation regarding the subjects other than general
age ranges. A specific description of subject age d istrib u tion was not
presented. This is particularly disturbing fo r the 54 adult subjects tested.
The age range (18-40) is so broad that a weighting of subjects at any one
portion of the continuum may have affected the results.
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TABLE I O verall responses fo r conflicting a u d ito ry and v is u a l
s tim u li across age groups fro m McGurk & MacDonald (1 9 7 6 ).

Auditory only
(% correct)*

fltfd + tfi$MQi
(% incorrect)*

preschool (3-5 yrs)

91%

59%

school ege (7-8 yrs)

97%

52%

Qdult

99%

92%

(18-40 yrs)

* correct responses were regarded as ones w hich reflected the auditory
component of the presentation.
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Second, the subjects were not distributed evenly in term s of gender. The
adult population was said to be predom inantly male, w hile the tw o
younger populations had an "approxim ately equal" num ber of girls and boys.
Third, the subject selection process was not addressed. For instance, the
inclusion or exclusion of persons w ith handicaps was not discussed. In
addition, and pertaining more to the overall study, the dubbing procedure
fo r developing the stim u li was not adequately described. This inform ation
is p a rticu la rly im portant in term s of defining the tem poral parameters of
auditory and visual stim u li to ensure simultaneous presentation fo r each
experim ental CV syllable. Differences in the onset of the auditory and visual
components o f a stim ulus item would lead to several unresolved questions
regarding the interpretation of the data. For example, the younger children
may have been more sensitive to tim ing differences between the auditory
and visual components, thus making them less lik e ly to be affected by the
illusion.
Finally, the procedures used to e licit responses were not described. This
is of particular concern fo r the tw o younger subject groups. For example, did
the examiners ascertain whether each child was attending to the m onitor
during the presentation of stim ulus items? It is conceivable that poor visual
attention or an averted eye gaze could lead to enhanced influence of the
auditory signal.
Several studies w ith in the past decade have presented variations of the
in itia l research of McGurk and MacDonald. The above mentioned problems
of confirm ing eye gaze and stim u li development description w ith the McGurk
and MacDonald study have been addressed by this more current research in
speech and hearing science. Other problems, however, have remained
unaddressed. In addition to the findings gained from these studies.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

5

researchers from a v a rie ty o f disciplines outside o f speech science have
completed w ork that is in d ire c tly related to the McGurk illusion. The
integration of inform ation from child development, speech and hearing
science, experim ental psychology, and psychophysics, has led to the fu rth e r
development of speech science theories and to hypotheses pertaining
specifically to the phenomena o f in te r modal speech perception.
A review of the current lite ra tu re indicates th a t researchers appear to
be accepting the role of vision as influencing the perception of speech in
norm al listeners.. Several studies have shown th a t the perception o f an
auditory stim ulus can be altered b y the presentation of a conflicting visual
stim ulus (Green & M iller. 1985; MacDonald & McGurk. 1978; Massaro &
Gohen, 1983; Massaro. Thompson. Barron and Laren, 1986; McGurk &
MacDonald, 1976; Summerfield, 1979; Sum m erfield & McGrath. 1984).
Indeed, many authors are now using the more appropriate term audio
visual speech perception" in reference to visual inform ation being a
functional aspect of speech perception. The central issue at present, and
therefore, the direction of this research, focuses not on whether visual cues
affect the auditory percept, b ut rather on the degree to which vision affects
the perception of speech and the nature of this interaction.
Models of Speech Perception
Prior to 1976, the theories of speech perception fo r norm al listeners
operated p rim a rily on the assumption that listeners depended on audition in
situations not involving background noise. In other words, the perception of
speech under normal listening conditions was thought to re ly almost
com pletely on auditory cues, w ith visual cues playing only a minor or
nonexistent role. The firs t attem pt to account fo r the significant influence of
vision can be traced to the developm ent of the manner-place theory, as
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proposed by MacDonald and McGurk in 1978. They hypothesized th at the
manner of articulation fo r consonants was detected p rim a rily by the
auditory m odality whereas the place of articulation was detected by the
visual m odality. Although the theory explained some of the responses
obtained fo r conflicting presentations, it failed to account fo r others. For
example, the theory would predict that a conflict involving a nonlabial
auditory stim ulus /g a / and labial visual stim uli /b a / would result in the
percept /b a / since this is the place of articulation th at is detected visually.
In actuality, subjects most often reported the percept /b ga/
Sum merfield (1988) provided an excellent overview of the strengths
and shortcomings o f the current theories of speech perception.
Sum merfield s discussion supported the hypothesis that visual cues strongly
influenced the perception of speech. The author summarized the lim itations
o f the current theories by outlining the prim ary questions which remained
unanswered:
the fundam ental task remains

id e ntifyin g the parameters

of the acoustical and optical signals that are of relevance to an
observer, and of characterizing them in ways that perm it th e ir
mutual relationship to be registered."
In his analysis of the current theories, Sum merfield presented four
situations in which vision influences the auditory perception of speech and
contended th at an adequate theory must account fo r speech perception in
each of these conditions. The conditions included speech perception in noise,
speech perception in hearing-im paired individuals, speech perception of a
larynx-frequency pulse train, and fin a lly, speech perception w ith conflicting
auditory and visual inform ation. This paper is. of course, most interested in
the fin a l situation.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

7

In 1986, Massaro and his colleagues argued that his earlier findings
(Massaro. 1984) provided evidence supporting the theory that speech
perception occurs as a continuous analysis of components rather than a
holistic or categorical process of analysis. In the 1984 study, Massaro
independently varied auditory and visual inform ation in a speech perception
task. Synthetic speech sounds ranging from /b a / to /d a / were combined
w ith the visual presentations of /b a / and /d a / The researchers found th at
/d a / perceptions increased as the auditory stim ulus became more /d a /-lik e
and th at the effects of the visual variable were found to increase during
instances o f more spectrally ambiguous auditory stim uli.
According to the continuous analysis theory, the analysis o f components
relies on a fuzzy logical model of perception through w hich the least
ambiguous percept or source of inform ation has the greatest impact on w hat
is perceived. Individuals receive inform ation regarding the degree to w hich
certain events represent particular speech sound categories. Massaro et al.
(1986) provided the example o f a subject attem pting to decide between the
percept of /b a / and /d a / when the auditory and visual modalities conflict.
According to the model, the auditory source and the visual source would
provide independent evidence w ith respect to the possibility of the percept
of /b a / versus /d a /.

In other words, visual and auditory cues typical of

productions of /b a / and /d a / would be weighted against one another.
Examples of this evidence are the visual cues of closed lips fo r /b a / and
slig h tly open lips fo r /d a / and the auditory cues of rising second and th ird
form ants fo r /b a / and slightly falling second and th ird formants fo r /d a /.
D ifferent cues or types of evidence would carry d iffere n t weightings in
term s of the degree to which they affect the percept. According to this
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theory, then, the percept is determined by the phonetic alternative fo r w hich
there is the most evidence
Sum merfield (1988) presented a somewhat sim ilar position by stating
that the integration of the tw o modalities during bimodal speech perception
occurs p rio r to phonetic or lexical categorization of the speech segment.
Sum m erfield cited the study by Foster (1982) who reported that variations
in the synchrony of audio-visual presentations system atically alter the
likelihood of d ifferent perceptual judgements. Foster maintained th at this
fin ding was better explained by a pre-categorical rather than a postcategorical integration o f inform ation fro m the tw o modalities.
Green and M ille r (1985) also presented evidence supporting the vie w
th at integration of modalities precedes phonetic categorization. These
authors manipulated visu a lly specified inform ation to demonstrate that both
visual and auditory cues affect the Judgement o f a voiced versus voiceless
consonant. The study demonstrated th at manipulations of the visual rate
inform ation of syllables influenced not only the perceived rate of audio
visual syllables, but also the perception o f voicing. The authors thus
proposed that the integration of audio and visual inform ation is necessitated
p rio r to phonetic categorization.
Summerfield (1988) summarized the nature of bimodal speech
perception by presenting tw o general principles or assumptions:
1) observers know the audio-visual structure of the
phonemes of th e ir language, and
2) when an audio-visual stim ulus is presented, be it
natural or a rtificia l, observers perceive the phoneme,
or sequence of phonemes, whose audio-visual
representation is most lik e that which is presented.
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Sum m erfield combined these assumptions to predict the perceptual outcome
o f conflicting auditory and visual inform ation. He described the most lik e ly
resulting percept as follows:
the consonant th a t is most easily confused a u d ito rily w ith
the acoustical consonant and which is most visually
com patible w ith the visible consonant.
Conflicts arise when the visib le consonant is not a member o f the viseme
group to w hich the auditory consonant belongs. Summerfield discussed
three possible perceptual outcomes of such conflicts. First, the observer may
recognize the conflict and sim ply perceive the auditory signal. MacDonald
and McGurk (1978) provided evidence supporting this outcome as 83% of
th e ir subjects perceived /g a / when presented w ith a visual /b a / and an
auditory /g a /. Second, observers may recognize the conflict but ye t continue
to be influenced by the visual signal such that they hear a consonant
d iffe re n t than w hat is a u d ito rily presented. S ixty-four percent of the
subjects in the MacDonald and McGurk study illustrated this outcome when
they perceived /d a / in the presence of visual /g a / and auditory /b a /.
Finally, an observer may deal w ith a conflict through an auditory percept
involving both the visual and the auditory components of the presentation.
MacDonald and McGurk demonstrated this outcome as 17% of th e ir subjects
perceived /b g a / when presented w ith visual /b a / and auditory /g a /.
As demonstrated through the recent research of such investigators as
Massaro. Sum merfield, and Green, speech scientists are beginning to
form ulate a theory of speech perception th at attempts to account fo r the
phenomena o f the McGurk illusion . When complete, this theory w ill most
probably involve the integration of m odality inform ation prior to phonetic
categorization and w ill address the relative weightings of various visual and
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auditory features in contributing to the best f it solution. The
developmental studies done to date indicate that the w eighting of cues w ill
most lik e ly va ry across subject age groups. Research endeavors could
therefore logically begin w ith examinations and clear descriptions o f any
existing developmental trends. Subject groups should be w e ll defined in
term s of variables such as language exposure, hearing sensitivity, and
exclusion of those w ith handicapping conditions. Subject groups must also be
more narrow ly divided in to age ranges to allow fo r adequate examination o f
developmental trends.

Infant
In fa n t studies play an im portant role in the endeavor to discover the
origin and nature o f in te r modal perception. As w ill be illustrated, they can
also serve to support or refute in te r modal perception theories developed
around the findings regarding other age groups.
Two major theories have dominated in fa n t in te r modal perception
literature. The traditional integration theory maintains that infants
gradually develop the a b ility to integrate inform ation from different
modalities through the use o f association cues. In contrast, the in va ria n tdetection theory argues that the integration a b ility is present at b irth and
endows the infant w ith the capacity to discrim inate between matching and
conflicting inputs. The p rim a ry point of contention between these theories is
also shared by the debates regarding many aspects of language, as it focuses
on the innateness of a b ility. Unfortunately, in te r modal speech perception in
infants is rather poorly understood as only a handful of studies have
examined the skills of infants in this area. Several of these studies have
focused on the interactions between modalities other than those between
vision and audition
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Bahrick and Watson (1985) examined the perception of proprioceptivevisual contingencies in five-m onth old infants. Measuring preferential
fixation, the authors determined that the five month old infants were able to
discrim inate between a contingent and non-contingent display o f th e ir own
liv e leg movement. This discrim ination a b ility, however, was not found in
three month old infants as they did not show a significant degree of
preferential fixa tio n to the contingent display.
Bahrick (1988) extended th is fin ding by attem pting to teach threem onth old infants to integrate tw o modalities. Although speech was not
used, this study did examine the integration of auditory and visual signals.
The in te r modal learning method used by Bahrick. consisted of fam iliarizing
each in fa n t to one of fo u r stim ulus conditions in which the appropriateness,
in term s o f matching auditory and visual signals and synchrony of the
auditory signal were varied w ith respect to the visual display. Infants were
then tested fo r th e ir interm odal perceptual abilities during instances in
w hich the auditory signal matched only one of the visual displays on a sp lit
screen. A bilities were judged on the basis of preferential fixation.
In te r modal learning was evidenced o n ly by the group of infants who had
been fam iliarized w ith the auditory signals w hich were both appropriate and
synchronous to the visual signal. P referential fixation to appropriate
auditory and visual matches was not found to be significant in groups that
were fam iliarized in one of the other three conditions . Bahrick suggested
her findings supported the invariant-detection theory of infant in te r modal
perception.
W alker-Andrews (1986) studied the integration of visual facial displays
and vocalizations. Through the use of visual displays of the upper tw oth ird s of angry or happy facial expressions and auditory vocal expressions of

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

12

anger or happiness, seven-month old infants were found to fixate
significantly more on facial expressions w hich matched the presented
auditory signal This a b ility to discrim inate matching versus conflicting
signals was not found to be significant in five-m onth old infants
In a study which dire ctly addressed interm odal speech perception, Dodd
(1979) presented three and four-m onth old infants w ith matching or
conflicting visual and auditory signals during the reading of nursery rhymes.
Dodd found that the infants attended less to visual displays which were
asynchronous w ith the presented auditory speech signal than they did to
synchronous displays. This finding argues th at young infants have the
a b ility to process both visual and auditory cues during a speech perception
task even though the speech may not be meaningful to them,
tCuhl and M eltzoff (1982) provided a sim ilar but more detailed study
regarding infant in te r modal speech perception by m anipulating the
synchrony of audio and visual vow el presentations. Using the split-screen
method common to the studies discussed above. Kuhl and M eltzoff found
that 1 8 - 2 0 week old infants fixated significantly more to corresponding
rather than noncorresponding auditory and visual speech signals The
authors then conducted a second experim ent (Kuhl and Meltzoff, 1984) to
examine the relative importance of the tem poral versus spectral
characteristics of the auditory signal. They removed the spectral
characteristics of form ant frequencies and used auditory signals containing
only the tem poral characteristics of am plitude and duration The infant
subjects did not show significant preferential fixa tio n during the
presentation of these stim uli. Kuhl and M eltzoff concluded that some type of
spectral inform ation is necessary fo r successful in te r modal speech
perception.
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Many issues regarding in fan t in ter modal speech perception remain
unresolved- The controversy regarding the innateness o f such skills is
p a rticu la rly intriguing. The studies discussed above show that young infants
demonstrate the a b ility of interm odal speech perception. As w ill be
discussed in the next section, this fin ding seems in conflict w ith theories
suggesting that young children are less affected by bim odal illusions due to
poor lip reading capabilities.
Developmental Trends
As discussed earlier and as evidenced by the McGurk illusion, adults can
be so affected by visual inform ation th at th e ir auditory percept of a speech
signal is actually altered. Based on the consistency w ith which infants have
been shown to attend to and utilize lip movement inform ation, it could be
logically hypothesized that even young children would have mastered the
task of interm odal speech perception. Several studies, however, have shown
that children are significantly less affected by the McGurk illusion than are
adults.
McGurk and MacDonald (1976) studied the McGurk illusion across three
age groups: preschool children, school age children, and an adult group. They
found that w hile the illusion affected the adult group in 92% of the trials, the
effect was present in only 59% of tria ls fo r the preschool group and 52% fo r
the school age group. Although the authors did not attem pt to explain this
finding, poor attention to the visual screen may have been a factor. Based on
the public description of th e ir procedures, McGurk and MacDonald did not
seem to have controlled for th eir subjects' attention to the visual signal.
Poor attention to this signal would have reduced the effect of the illusion by
causing the auditory signal to be the dom inant percept.
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Massaro. Thompson. Barron and Laren (1986) conducted a study quite
sim ilar to th at of McGurk and MacDonald (1976). These authors, however,
did attem pt to control fo r attentional factors by monitoring the gaze of young
subjects during testing. The results of the Massaro et al. study supported
those of McGurk and MacDonald as they found children to be less influenced
by the presence of conflicting auditory and visual inform ation. Massaro et
al. contended that this difference between adults and children was due to
stronger lip-reading abilities o f adults.
Massaro et al. (1986) did not, however, report any data addressing
w hether the differences in the strength o f the illusion were a result of in te ror intra-subject variation. In term s of establishing and describing a
developmental trend, it would be essential to examine whether some o f the
children were being consistently affected w hile some were not at all affected
or w hether all of the children were only p a rtia lly affected. If the results
indicated the p rio r condition, it would be inform ative to separate and
possibly correlate subject descriptors to those being consistently affected
and to those not being affected.
Massaro and his colleagues have consistently argued that the
developmental trends of the McGurk illusion can be explained by poorer lip
reading skills in young children. This explanation, however, is in conflict
w ith the findings of the infants studies discussed in the previous section.
The results of Bahrick (1988) and Dodd (1979). in particular, respectively
show infants to be quite capable of interm odal perception and recognition of
lip reading cues. It thus becomes questionable that children between the
ages of 3 and 5 are less affected by the McGurk illusion due to poorer lip
reading skills.
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None of the studies discussed have addressed the possibility that the
apparent developmental trends are related to physiological or cognitive
capabilities fo r m odality Integration across subjects. In other words, could
the decreased effect of the McGurk illusion on younger subjects be a
reflection of physiological im m a tu rity in term s of the a b ility to integrate
inform ation from the visual and auditory m odality? Due to d ifficulties in
controlling fo r environm ental factors and in separating physiology and
cognition, this possibility becomes v e ry hard to test. Such explanations
should, however, receive ongoing consideration as new findings emerge.
In addition, the lite ra ture does not re p ort findings regarding the effects
of the McGurk illusion in the senior adult population. The W orking Group on
Speech Understanding and Aging (1988) describe in detail how the process
of aging is accompanied by progressive neural degeneration. In term s of the
auditory mechanism, they explain that this degeneration results in decreased
auditory processing capabilities which make the auditory speech signal more
d iffic u lt to perceive accurately. As such, it may be possible that, even in
older persons w ith essentially norm al visual acuity and hearing sensitivity,
the visual signal could be relied upon significantly enough to result in strong
effects of the McGurk illusion
An alternate hypothesis might be one which focuses on the
physiological a b ility to integrate tw o modalities. Could this a b ility be
adversely affected b y the beginning of neurological degeneration? A
hypothesis based on this premise may predict that the effect of the McGurk
illusion would decrease w ith age as a result of decreased processing
capabilities.
Further discussion of these intriguing questions, however, must w a it fo r
the in-depth examination and possible establishm ent of a developmental
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tre nd which spans the age ranges. The importance of such developmental
inform ation to the understanding of the McGurk illusion and of the speech
perception process overall was clearly stated by Massaro ( 1988) as follows:
The fram ew ork guiding our research is also ideal fo r the
study of developmental changes in processing audible and
visible speech. Any theory of language processing must
eventually confront the acquisition o f the processes involved
in this skill. Thus, developmental studies are central to
evaluating theories of the processes responsible fo r observed
differences and sim ilarities in language processing w ith age.
Contributing Variables
Since publication of the classic study by McGurk and MacDonald (1976).
certain combinations of auditory and visual cues have been found to create a
stronger illusion than those of other combinations. The strongest illusion has
consistently been found to occur w ith the com bination of the visual cues of
/g a / and the auditory cues o f /b a /. The effects of the illusion when
em ploying vowels other than /a / have not been presented in the literature.
The rate of speech has also been shown to affect inter modal speech
perception. Green (1987) demonstrated that listeners utilize cues of
speaking rate from both the auditory and visual modalities during the
perception of speech. In addition, Kuhl, Green, and M eltzoff (1988)
suggested th at the level of the auditory signal affected the degree to which
visual inform ation was utilized during speech perception, kuhl et al.
specifically varied the level of the auditory signal during presentations of
visual /g a / and auditory /b a /. Their findings were somewhat unexpected in
that, as the auditory signal of /b a / became louder, the percept of /b a /
actually decreased. In other words, the increased auditory signal resulted in
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an increase of the influence o f the visual signal. Kuhl e l al. tenta tively
hypothesized that louder speech may autom atically cause listeners to attend
more to the visual signal. This hypothesis remains to be answered. The
finding, however, clearly points to a need fo r careful consideration and
documentation of inten sity levels during experim entation w ith the McGurk
effect.
Research Question
The McGurk illusion has been consistently replicated and shown to be
fa irly robust in the adult population. The discovery of this illusion has
added a previously unknown dimension to the study o f speech perception.
In order to better understand and account fo r the phenomena, its
developm ental nature, its variations across populations, and the variations
across phonetic presentations must be studied fu rth e r.
The purpose of the present study is to replicate and extend the pioneer
study by McGurk and MacDonald (1976). In particular, this study seeks to
examine the developmental trend of the strength o f the McGurk illusion
across fo ur age groups and along tw o stim ulus variables. The age groups w ill
represent fo ur points along the developmental continuum: preschoolers (3-5
yrs), ju n io r high school students (11-13 yrs), adults (21-25 yrs), and
seniors (55-65 yrs). The stim uli w ill be composed o f the consonants / b / and
/g / varied w ith the vowels / i / and /a /.
The hypothesized is that the strength of the McGurk illusion, and
therefore, the capabilities of bimodal speech perception, depend p a rtia lly on
the processing and integrative capacities of the individual. Supportive
results then, would show the strength of the illusion to increase w ith age up
to the adult group. As the effect of the McGurk illusion has not been
documented in norm al hearing groups of senior adults, this study poses the
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research question of examing the any such effect and does not present a
hypothesis regarding the outcome of this age group
In addition, this study aimed to more clearly define the distribution of
responses across subjects. For example, if the illusion is present in 60% of
the responses of the 3-5 year group, the results w ill provide inform ation
regarding whether correct responses were evenly distributed across
children or w hether the illusion was consistently strong in approxim ately
60% of children and consistently weak in approxim ately 40% of children.
Finally, this study examined the possible d iffe re n tia l effects of varying
the vow el component of experim ental CV syllables. Although previous
research has examined differences in the illusion due to varying consonant
components (McGurk & MacDonald, 1976; MacDonald & McGurk, 1978;
Su m m erfield, 1979), the effect of changing the vowel context has not been
adequately addressed. This study focussed on differences between
presentations involving the tra d itio n a lly used vow el /a / and the less
fre qu e n tly used vowel / i f .

The presentations of auditory / b / and visual /g /

together w ith / i / or /a / were regarded as the experim ental conditions since
this consonant combination has been identified in the lite ra ture to be the
strongest exemplar of the illusion (MacDonald and McGurk, 1978,
Summerfield, 1979).
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CHAPTER I I : METHODS
Subjects
Four age groups comprised of fifte e n subjects each were used to test fo r
a developmental trend The youngest group consisted of fifteen local
preschool children ranging in age from 3 to 5 years old. The second subject
group was made up of fifte e n 11 to 13 year old children. Both of these
younger groups were recruited either from local summer recreation
programs at the university or from the university com m unity The th ird
subject group was comprised of fifte e n young adults ranging in age from 21
to 25 years. These subjects were recruited from among the university
student population. The fo u rth subject group consisted of fifteen senior
adults between the ages of 55 and 65. These individuals were recruited
from churches or from fam ilies among the university community. Sixty of
sixty-three individuals completed the study. Two persons were disqualified
due to inattentiveness to the monitor, and one person was disqualified fo r
fa ilu re to respond correctly to the control items. This le ft a total of sixty
subjects.
A ll subjects had normal hearing sensitivity (thresholds no greater
than 25 dB HL across 1000 to 4000 Hz), and were judged by the examiner to
have demonstrated the a b ility to clearly articulate and discrim inate the
phonemes /b /. /d /, and /g /. A ll subjects were reported to have norm al
vision, although some subjects required corrective lenses. This inform ation
was gathered from parents fo r the tw o younger groups and from the
subjects themselves fo r the tw o adult groups. Persons w ith handicapping
conditions were excluded from subject groups as were those for whom
norm al language exposure or cognitive status were judged to be questionable
19
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by ihe examiners. These judgements were made on the basis of inform al
case h isto ry inform ation regarding language environm ent and current
eduational/em ploym ent status Only native English speakers were included
in the study. A description of the subjects’ age and gender characteristics is
presented in Appendix A.

Stimuli
The stim uli consisted of audio-visual VCV syllables which were
created by the pairing of auditory and visual tokens in fo u r possible
combinations fo r each of tw o vowels used. There were a total of 40 stim ulus
items w hich were presented by a female speaker. Tw enty presentations
involved the vowel /a / and the remaining 20 involved the vowel / i/ . Each
vow el was presented in the context of either the consonant / b / or /g /. See
Table 2 fo r the combinations used fo r each vowel.
Each stim ulus combination was presented fiv e times during each
experim ental tria l, resulting in a total of 40 presentations to each subject.
The presentations were randomized w ith in each 20 stimulus item set
involving one vowel. The fo rty stimulus items were presented at 15 second
intervals. A blank screen w ith no auditory signal was presented during the
intervals between stimulus presentations.
A training sequence was utilized p rio r to the experimental set fo r each
subject. The presentation procedure fo r the four training items was
consistent w ith that of the experim ental trials. The training sets served to
test the subjects' understanding of the task and their accurate perception of
items involving nonconflicting auditory and visual components. Persons who
failed to respond correctly to all four training items were excluded from the
study. Table 3 presents the items used in the training sequence.
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TABLE 2 . S tim ulus item s used during exp erim en tal tria ls .
A. V ow el Context / a /

1.
2
3.
4.

A u d ito ry S lim u li
/a b a /
/a g a /
/a b a /
/a g a /

V isual S tim u li
/a b a /
/a g a /
/a g a /
/a b a /

B. V ow el Context / i /

Auditory Stimuli
1.
2.
3.
4.

/ib
/ig
/ib
/ig

i/
i/
i/
i/

V isual S tim u li
/ib i/
/ig i/
/ig i/

/ib i/
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TABLE 3 . I t e m s in c lu d e d i n t h e t r a i n i n g s e q u e n c e .
A u d ito ry Comnonent
/a b a /
/a g a /
/ib i/
/ig i/

V isu al Comnonent
/a b a /
/a g a /
/ib i/
/ig i/
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The re lia b ility of the videotapes was confirm ed through a pilo t study
involving eight subjects ranging from 24 to 36 years of age. These subjects
responded to presentations involving consistent auditory and visual
inform ations w ith 100% accuracy. The illusion lie . the percept of / d / in the
presence of auditory / b / and visual /g /) was effective in 97.5% of
occurrences.
Instrum entation
Video tapes were prepared in the Department of Radio and Television at
the U niversity of Montana. The stim u li were created by videotaping a
fem ale speaker who produced the VCV syllables w hile directly facing the
video camera. Videotaping was completed w ith a Sony Video-Cassette
Recorder VD-5800. Conflicting audio and visual stim u li were dubbed using a
Toscam M -IB Line M ixer and a Sony RM440 Autom atic Editing Control Unit.
The stim uli were presented using one of the follow ing combinations: a
Panasonic ÇTJ-2053R-1 19 m onitor and a Hitachi VT-TU98A HiFi Video
Cassette Recorder or a Sharp L in ytro n 20 m onitor and a M itsubishi HS4 13UR HiFi Video Cassette Recorder. The auditory stim uli were presented
at a level peaking at 60 dB SPL. This inten sity level was in itia lly set using a
Bruel and Kjaer Type 2203 Precision Sound Level Meter w ith a Bruel and
Kjaer Type 4144 one inch microphone. The level was then monitored by
either a 1565-A Survey Sound Level M eter or a Bruel and Kjaer Type 2215
Precision Sound Level Meter on a d aily basis.
Subjects were video taped using an RCA Solid State Image Sensor VHS
Camcorder or a Sanyo VC 1600x video camera switched through a closedc irc u ii television system to a Panasonic PV-2700 Video Tape Recorder and a
Sanyo Model 4155 black and w hite television monitor.
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The hearing screenings were adm inistered through the use of one of
tw o Maico MA40 portable audiometers w ith TDH-498 earphones and MX41/A R cushions calibrated to ANSI (1969) standards fo r pure tone
audiometers.
PROCEDURES
During testing, all subjects were seated in a quiet room at a table facing
a TV monitor. The subjects were approxim ately fo u r feet from the m onitor
w hich was placed at approxim ately eye level.
A ll subjects were instructed to report to the examiner what the woman
on the videotape said fo r each tria l. The oral responses of all subjects were
recorded on blank data sheets (an example data sheet is presented in
Appendix B) follow ing each stim u li presentation. The responses were
recorded using the International Phonetic Alphabet. No other inform ation
regarding the study was provided to the subjects.
The responses of the preschool children were reinforced w ith tokens
and a verbal good" presented im m ediately after every th ird tria l. The
children then traded the tokens fo r a toy prize at the end of their
participation. The subjects in the three older groups were verbally
reinforced w ith "good" after every th ird tria l.
A video camera, as described in instrum entation, was positioned to the
side of the television monitor and was used to videotape all subjects during
the presentations. The results of any persons who were found to be
inattentive to the screen during a presentation tria l were excluded from the
study. The videotapes were also used to assess the re lia b ility of the
examiner s perception and recording of subject responses. Intra-exam iner
re lia b ility was assessed on 100% o f the subject data. Inter-ex aminer
re lia b ility was checked on a point by point basis on 25% of the subjects.
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AU subject data was entered in to a computer program which compiled
both in d ivid u a l subject and group totals fo r the various response types
w ith in each of the four conditions fo r the tw o vowels (see Appendix C).
Responses were scored as either correct or incorrect depending on whether
or not they represented the auditory presentation of the tria l. A ll responses
which did not purely represent the auditory component of the stim u li were
counted as incorrect. A ll data was also checked m anually fo r e n try or
com putational errors
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CHAPTER I I I : RESULTS

A 4 I 2 I 4 analysis of variance (ANOVA) w ith two repeated measures
was perform ed on the compiled data fo r each group. The statistical analyses
was perforned on an IBM-AT based microcomputer system using a GB-STAT
(Version 1.5) statistics software package. Responses w ith in the experim ental
groups w hich were incorrect but did not conform to the type of responses
typical to past descriptions of the McGurk illusion were grouped fo r
descriptive presentation. Descriptive analyses were also completed on the
responses w ith respect to gender and vow el differences w ith in age groups.
The results from the 4 x 2 x 4 ANOVA are presented in Table 4. The
ANOVA results indicated significant differences across a ll three main effects
(age. vow el environm ent, auditory-visual condition) and significant
interactions between all main effects. The mean num ber of correct
responses and the corresponding standard deviations are presented in Table
5 fo r all age groups, vowel environments, and auditory-visual conditions.
Histograms displaying the percentages o f correct responses to the control
conditions are illustrated in Figures 1 and 2. The three older age groups
showed high (>97%) accuracy across control conditions. Scores fo r the
youngest group were slightly lower, and should thus be considered in the
interpretation of th e ir experim ental tria l results.
The histograms presented in Figures 3 through 6 display the mean
number of correct and incorrect responses across the fo ur age groups. The
histograms presented in Figures 3 and 4 illustrate the d istribution of correct
and incorrect results for the presentation of auditory / b / and visual /g /
across vowels. This combination of auditory / b / and visual /g / w ith either
vowel was referred to as the forw ard illusion . It is evident th at w hile
26
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Table 4: T h ree w a y Analysis o f V ariance Sum m ary Results

Source

SS

DF

Age

52.84177

3

17.61392

Sub W. Grp

121.0832

56

2.1622

Vowel

11.4083

1

11.4083

Age X Vowel

8.70813

3

2.90271

Vowel X Sub W. Grp

53.88343

56

0.9622

Condition

1185.492

3

Age X Condition

94.59148

9

Condition X Sub W. Grp

336.9163

168

2.00545

Vowel X Condition

21.09176

3

Age X Vowel X Cond.

32.79199

9

Total

2036.925

479

MS

395.1638

F Ratio

P ro b a b ility

8.1463

0.0001

11.8564

0.0011

3.0167

0.0374

197.0446 <0.0001
5.2408

<0.0001

7.03059

9.9998

<0.0001

3.64355

5 1823

<0.0001

10.51017
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Table 5 M ean Num ber o f Correct Responses and Standard
D eviations Across Age Groups.
A uditory

Visual

Age Group

Mean

SD

/ g i/

/g i/

3-5
11-13
21-25
55-65

4.5333
4.8667
5.0000
4.8667

0.9155
0.3519
0.0000
0.3519

/g a /

/g a /

3-5
11-13
21-25
55-65

4.9333
5.0000
4.9333
4.8667

0.2582
0.0000
0.2582
0.3519

/ b i/

/ b i/

3-5
11-13

4.4667
5.0000
5.0000
4.9333

0.7432
0.0000
0.0000
0.2582

21-25
55-65
/ b i/

/g i/

3-5
11-13
21-25
55-65

2.6000
2.7333
1.0667
0.2000

1.7647
2.0517
1.5337
0.4140

/b a /

/g a /

3-5
11-13
21-25
55-65

0.9333
0.8667
0.6000
0.2667

1.3345
0.9155
1.2421
0.4577
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T a b le 5 ( c o a t 'd ) :
/ g i/

/ b i/

3-5
11-13
21-25
55-65

2.8667
3.4667
3.3333
1.3333

1.6847
1.8848
2.1931
1.6330

/g a /

/b a /

3-5
11-13
21-25
55-65

3.8667
2.2000
2.6667
1.0000

1.4573
2.1112
2.1269
1.6903
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Figure 1. Percentage o f Correct Responses to
A u d ito ry / b / and V isu al / b / .
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Figure 2. Percentage o f Correct Responses to
A u d ito ry / g / and V isu a l / g / .
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Figure 3. M ean Num ber o f In co rrect Responses
fo r A u d ito ry / b a / and V isual /g a /
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Figure 4 . M ean Num ber of In co rrect Responses
fo r A u d ito ry / b i / and V isu al / g i /
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Figure 5 M ean Num ber of In co rrect Responses
fo r A u d ito ry /g a / and V isual /b a /
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Figure 6. M ean Num ber of In co rrect Responses
fo r A u d ito ry / g i / and V isual / b i /
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auditory /b a / and visual /g a / produced little v a ria b ility , auditory / b i/ and
visual /g i/ showed greater differences across age groups. Figures 5 and 6
illu stra te the d istrib u tion of correct and incorrect responses for the
presentations involving auditory /g / and visual / b / across vowels. The
com bination o f auditory /g / and visual / b / w ith either vowel was referred
to as the "backward illusion . This combination revealed v a ria b ility across
both vowels.
In regards to the main research question investigating the
developmental trend in the stregth of the McGurk illusion, the results of the
ANOVA indicated a significant difference (p< 0.03) across age groups as a
main effect. Several types o f responses were recorded fo r each of the four
experim ental conditions. Figures 7 through 22 display a breakdown of
response types across age groups fo r both the forw ard and backward illusion
fo r each vow el type.

A uditory responses and visual responses" are those

which purely represented a single component of the experim ental stimulus.
The num ber of responses consisting of the phoneme / d / are separated, as
are those consisting of the phoneme /3 /.

Combination responses, fo r

example /ib g i/, are those consisting of both the consonant phonemes
represented by the auditory and visual presentation. Finally, the Other
category includes responses w hich could not be included in any of the
predom inant categories.
It is of note th at the responses from the 3-5 year old age group fo r the
forw ard /a / illusion were characterized by a tendency to provide only the
visual component of the experim ental condition. The perception of /g a /
being reported fo r 49.33% of the tria ls involving this experim ental condition
was a pattern quite d iffe re n t than those obtained fo r the other age groups.
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Figure

7.

Breakdown of Responses to A uditory /b a / and Visual /g a /
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Figure

8.

Breakdown of Responses to A uditory /b a / and Visual /g a /
Age Range; 11^13 yaica
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Figure

9.

Breakdown of Responses to A uditory /b a / and Visual /g a /
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Figure

10.

B reakdova of Responses to A uditory /b a / and Visual /g a /
110.00

1
1
1
1
1
1

a

&

Ü

100.00
90.00
80.00
70.00
60.00
50.00
40.00
30.00
20.00
10.00
0.00
Visual /ga/

Awl. /b a/

/d a /

/tb a/

Combtnatioo

Other

Response Categories

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

41

Figure

11.

Breakdown o f Responses to A uditory /g a / and Visual /b a /
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Figure

12.

Breakdown of Responses to A u ditory /g a / and Visual /b a /
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Figure

13.

Breakdown of Responses to A uditory /g a / and Visual /b a /
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Figure

14.

Breakdown of Responses to A uditory /g a / and Visual /b a /
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Figure

15.

Breakdown of Responses to A uditory / b i / and Visual / g i /
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Figure

16.

Breakdown of Responses to A uditory / b i / and Visual / g i /
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Figure

17.

Breakdown of Responses to A uditory / b i / and Visual /g i /
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Figure

18.

Breakdown of Responses to A uditory / b i / and Visual /g i/
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Figure

19.

Breakdown of Responses to A uditory / g i / and Visual /B i/
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Figure

20-

B reakdovfi of Responses to A uditory / g i / and Visual / b i /
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Figure

21.

Breakdown of Responses to A u d ito ry / g i/ and V isual / b i /
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Figure

22-

B reakd ova of Responses to A u dito ry / g i / and Visual / b i /
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The ANOVA results also indicated a significant main effect fo r vow el
conditions (p < 0.05) and a significant interaction between age group and
vow el conditions (p < 0.05). Figures 23 and 24 display this interaction by
condition in term s of percentage of incorrect responses. Responses fo r the
fo rw ard illusion involving / i t showed a greater developmental trend than
did responses fo r the forw ard illusion involving /a /. There was a notable
lack o f difference between the tw o vowels fo r the senior group in both the
forw ard and backward illusion conditions.
Comparison of responses across gender w ith in the age groups showed
v e ry little difference fo r the forw ard illusion. Two major points emerge
from gender comparisons involving the backward illusion. First, seniors
evidenced a marked gender difference in both vowel conditions w ith females
being affected more than males. Second, males in the 3-5 year old age group
were affected considerably more than females fo r the backward illusion
involving auditory /g a / and visual /b a /.
A comparison of the results obtained in the present study w ith those
obtained by McGurk and MacDonald (1976) indicated overall sim ilarities in
term s of the strength of the illusion. These results are illustrated in Figures
25 and 26. As w ill be demonstrated in the discussion section, the nature of
incorrect or illusion response types found w ith in each age group was not
consistent across the tw o studies.
Results of re lia b ility measures indicated acceptable re lia b ility fo r both
in tra - and inter-exam iner conditions. Intra-exam iner re lia b ility was
assessed on 100% of the subject data. Point to point re lia b ility calculations
based on illusion versus no illusion judgements confirm ed 2380 out of the
2400 responses thus yielding a re lia b ility score of 99.17%. Chance re lia b ility
fo r the intra-exam iner condition was satisfactory at 56.17%. In te r-e ia m in e r
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Figure 23. Percentage of Incorrect Responses Across
Vowels for Auditory / b / and Visual /g /.
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Figure 24. Percentage of Incorrect Responses Across
Vowels for Auditory / g / and Visual /b /
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Figure 2 5. Responses fro m McGurk and MacDonald (1 9 7 6 )
Versus Present Study fo r A u d ito ry /b a / and V isual /g a /
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Figure 26 Responses fro m McGurk and MacDonald (1 9 7 6 )
Versus P resent S tudy fo r A u d ito ry /g a / and V isu al /b a /.
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re lia b ility was checked on a point by point basis on 25% of the subjects. 592
out of a possible 600 responses were confirm ed, thus yielding a re lia b ility
score o f 98.67%. Chance re lia b ility fo r the in te r-examiner condition was also
satisfactory at 55.89%. I t is of note that, although not included as
mismatches during re lia b ility , a num ber of differences during both in ira and inter-exam iner re lia b ility occurred w ith in the parameter of an illusion
response. During inter-exam iner re lia b ility , fo r example, there were seven
differences which involved the phonemes / d / and / / which both fa ll w ith in
the category of an incorrect or illusion response.
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CHAPTER IV : DISCUSSION
The purpose of this study was to examine the trends of the McGurk
illu sio n across a developmental age range and across two vowel conditions.
Descriptive inform ation regarding the strength of the illusion in terms of
gender, response types, and d istrib u tio n o f responses was extrapolated from
the data. The results provided support fo r both a developmental trend and a
difference between vow el contexts. Response types contributing to the
strength of the illusion showed patterns which differed from those reported
in the lite ra ture. Results fo r the previously unexplored area of illusion
strength in the senior population revealed interesting patterns as w e ll as
strong evidence o f a developmental difference when compared to the other
groups.
Results of the ANOVA across experim ental conditions suggested a
developm ental trend in the strength of the McGurk illusion. This overall
trend is illustrated in Figure 27 and detailed in Table 6. Close examination,
however, showed th at the trend was not consistent w ith the results reported
in the lite ra tu re (McGurk and MacDonald, 1976 & Massaro et al.. 1986).
Since past research has involved use of the vowel /a /, direct comparisons
could only be made w ith the corresponding portion of the current study.
The results fo r the forw ard illusion (auditory / b / and visual /g /) involving
the vow el / a / showed only a slight increase in strength across age groups
(Table 7). Of particular interest is the behavior of the 3-5 year old group,
who responded incorrectly on 81.33% of the forw ard /a / illusion
experim ental trials. Contrary to w hat has previously been reported, this
fig ure indicated children to be affected by the visual portion of the
conflicting stimulus.

In fact, a surprisingly large number of responses
59
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Figure 27. Percentage of Incorrect Responses
Across A ll Four Experimental Conditions
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Tab le 6 . S tren g th o f th e IfcG u rh Illu s io n Across Age
Groups fo r A ll E xp erim en tal Conditions Com bined.

Age Range

Overall Percentage of Incorrect Responses

3-5

47.0%

11-13

53.7%

21-25

61.0%

55-65

86.3%
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Table 7 . In c o rrec t Responses to A u d ito ry / b a / and V isual /g a /.

Age Range

Perœntage o f Incorrect Responses

3-5

81.33%

U -1 3

82.67%

21-25

92.00%

55-65

94.67%
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(49.33%) were representations o f the visual component of the stimulus. This
observation d ire ctly contradicts the follow ing statement made by McGurk
and MacDonald (1976) in interpreting th e ir data:
...where responses are dominated by a single modality,
this tends to be the auditory fo r children and the visual
fo r adults.
Results fo r the 11-13 year old age group also indicated a strong
influence o f the visual stim ulus, in th at 82.67% o f th eir responses to the
fo rw a rd / a / illusion were incorrect. This group, however, tended not to
report representations of the visual component of the stim ulus as only 2.67%
o f th e ir responses were /g a /. Despite the lack of exclusively visually
representative responses in the 11-13 year old group, both groups of
children presented evidence of strong in te r modal speech perception abilities.
Comparison w ith other studies
Closer examination o f the results obtained by McGurk and MacDonald
( 1976) is needed before comparing these findings to those o f the present
study. To begin, the percentages of incorrect responses presented in McGurk
and MacDonald s lite ra tu re review took in to account the data fo r all four of
the possible conflicts w ith in the combinations of /b a / and /g a / and the
combinations of /p a / and /k a /. When the data were separated fo r the
various stim uli, notable differences in response trends occurred. Appendix D
displays these differences and shows th at young children were strongly
affected by the forw ard /a / illusion. The overall developmental trend
reported by McGurk and MacDonald was more reflective o f the data obtained
fo r the backward /a / illusion in which young children were affected in only
43% of the trials.
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In term s of correct/incorrect responses fo r auditory /b a / and visual
/g a /, McGurk and MacDonald’s results fo r the 3-5 year old group are actually
sim ilar to those of the present study (Fig. 25). Differences exist, however,
between the type of incorrect responses given across the tw o studies.
McGurk and MacDonald reported that a ll incorrect responses fo r the 3-5 year
age group were fused or /d a / responses. The current study, however,
revealed that fo r auditory /b a / and visual /g a /. a large proportion of the
responses fo r the youngest group were representations of the visual
component (/g a /) of the stimulus.
The results obtained fo r the backward illusion were, again, sim ilar to the
results of McGurk and MacDonald (Fig. 26) as they showed a stronger
developmental trend than the forw ard illusion results. Comparisons of
statistical significance across variables could not be made between the tw o
studies as such inform ation was not reported b y McGurk and MacDonald.
The study of McGurk and MacDonald (1976), although having served
as a catalyst fo r the examination of bim odal speech perception, contained
several methodological difficulties. The seemingly apparent consistency
between the data obtained in the tw o studies, however, indicate that the
strength of the McGurk illusion was sufficient to overcome the design flaw s
of this previous research.
In comparing the results of the present study to those of Massaro et
al. ( 1986), a close examination of th e ir research design and results is
required. Massaro et al. (1986) presented synthetic speech sounds that
varied on a continuum from /b a / to /d a / to tw o age groups; children 4-10
and adults 16-32. They concluded that the visual component had a greater
influence on the perceptual judgements of adults. The authors discussed the
possibility of existing differences between the age groups in terms of th e ir
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a b ility to process the visual source. Massaro et al. (1986) fu rth e r argued
th at the extent of the visual influence was d irectly related to the lip reading
abilities of the d iffe re n t age groups.
Results of the auditory /b a / and visual /g a / combination of the
current study do not support the findings of Massaro et al. (1986) as young
children were found to be affected by the visual component of the illusion.
A num ber o f design differences need to be considered. First, the subjects in
the Massaro et al. (1986) study were given a closed response set in that they
were told to report w hether they heard "ba or "da". As such, any other
perceptions of the stim u li were not reported. In addition, the children who
participated in the Massaro study responded ora lly w h ile the adults
provided w ritte n responses. Perhaps this variation in procedure may have
resulted in some difference in the results obtained across the studied age
groups.
The results o f Massaro et al. (1986) may also have been affected by
the in ten sity level at w hich th e ir stim u li were presented. Kuhl, Green, and
M eltzoff ( 1988) found th at increased intensity of the auditory signal led to a
greater influence o f the visual component of a conflicting presentation. Kuhl
e l al found significant differences between the in tensity levels of 45 dB SPL,
58 dB SPL, and 66 dB SPL fo r th e ir adult subjects. Kuhl et al. (1988) did not
investigate the effects of varying the in tensity of the auditory stim uli in
presentations to children. Massaro et al. ( 1986) presented all of th eir
auditory stim u li items at 70 dB SPL. Based on the research of Kuhl et al.
(1988), th is inten sity level may cause the adult subjects to be more strongly
influenced by the visual source. Perhaps children are not as influenced by
the in te n sity effect and therefore gave few er visu a lly dominated responses
than did adults in the study of Massaro et al. (1986). Clearly, the effects of
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in te n sity across age groups in term s of its interaction w ith the McGurk
illusion is an area fo r fu rth e r research.
The results of the present study also better correspond w ith infant
speech perception data than do the results and consequent theory of
Massaro et al. (1986). A num ber of researchers have shown that young
infants are capable of bim odal speech perception (Dodd. 1979, Kuhl &
M eltzoff, 1982). I t is thus counterintuitive to argue that children are less
affected by a bimodal conflict due solely to poorer lip reading capabilities.
Rather, based on the data from these in fa n t studies and the results of the
current study, children should be capable o f matching the visual and
auditory components o f a speech signal and w ould therefore be more heavily
influenced by a conflict across these modalities. The term conflict is
purposely used here since it is. in fact, the conflict of inform ation rather than
the visual signal its e lf w hich produces the illusion.
The comparisons between the findings o f McGurk and MacDonald and
Massaro et al, (1986) w ith the current study indicate a danger in
generalizing the effects of the McGurk illusion across various
consonant/vowel combinations or across differe n t experimental designs.
U n til more is known about the parameters of the illusion and the acoustic or
spectral factors w hich affect it, unwarranted generalizations of the research
data could be misleading. For instance, it should be made clear th at the
predominance of visual representative responses among the 3-5 year old
group was confined to the illusion involving the auditory /b a / and the visual
/g a /.

W hy the youngest group was affected in a manner so different from

th a t of the others is intriguing and deserves fu rth e r investigation. McGurk
and MacDonald (1976) defined the term fused response as one where
inform ation from the tw o modalities is transform ed into something new w ith
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an elem ent not presented in either m odality". The 3-5 year old age group in
this study gave a much lower num ber of fused (/d a /) responses than did the
other three age groups. This is p a rticu la rly interesting in terms of the 11-13
year old group which responded more lik e the tw o adult groups by giving
predom inantly fused responses to the forw ard illusion. Although young
children are capable of bim odal speech perception and are influenced by
visual cues, th e ir processing skills in term s of auditory /b a / and visual /g a /
appear to d iffe r from older individuals in the manner in which they deal
w ith the m odality conflict. Further study in to the parameters o f this effect
and possible corresponding subject characteristics is warranted.
Perception of the McGurk illusion had not previously been
investigated in the senior population. The results of the current study
indicated the 55-65 year old age group was strongly affected by all
combinations of conflicting stim u li across both vow el conditions. In
particular, they were the only age group to be affected (> 90% incorrect
responses) by the backward illusion. Since all subjects had norm al hearing
sensitivity, theories expounding this group s reliance and greater attention to
visual cues due to changes in th e ir hearing sensitivity are unsatisfactory fo r
explaining the strong effects of the illusion demonstrated by seniors.
In a discussion of th e ir findings. Jerger, Jerger, Oliver, & Pirozzolo
(1989) indicated that reduced speech understanding in the elderly was due
to a decline in the subjects' central auditory processing skills, rather than in
th e ir peripheral auditory se nsitivity curves. The authors cite structural
changes w ith in the central auditory system as a cause fo r this decrease in
skills. Incorporation of these findings w ith those of the current study leads
to tw o possible hypotheses to explain the increased strength of the McGurk
illusion in seniors. One. visual cues have more influence due to the older
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subjects’ d ifficu ltie s in central auditory processing; or two, a decrease in the
subject s central auditory skills leads to d ifficu ltie s specific to processing
m odality conflicts in speech.

Further study o f the McGurk illusion would,

no doubt, provide critica l inform ation to the area of speech understanding in
the senior population.
Differences between the age groups may also be explained through
d iffe rin g attention strategies. Although the present study was controlled fo r
visual gaze towards the m onitor during presentations, the qualitative aspect
of the cognitive response o f attending is d iffic u lt to control. A ttention and
cognition are d iffic u lt to separate, and even more troublesome to measure
independently in a perceptual task. I t is hypothesized, however, that the
degree of focus, awareness, and/or cognizance o f perceptual stim u li varies
w ith in subjects across tim e and across subjects. Such differences may or
may not be related to lip reading and/or physiological variations across the
developmental range.
Up to now variation across responses to consonant-vowel
combinations in the McGurk illusion have m ainly been explained by the
perceptual salience or various visual cues. The greater the perceptual
salience, the more attention paid to the cues. The idea being presented
shifts from examining attention getting differences across stim uli to
examining attention giving differences across subjects. Manipulations of
subjects' attentional focus through verbal instructions or visual highlighting
may be a fru itfu l avenue of study towards understanding the McGurk
illusion.
Response D istribution
The data across all conditions and age groups indicated that most
subjects were either m arkedly affected or not affected by the McGurk
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illusion. This is p a rticu la rly evident when comparing correct versus fused
or combination responses fo r the fo rw ard and backward illusion
respectively. Figures 28 and 29 illu stra te the number of incorrect responses
across subjects in one age group fo r selected stim ulus conditions. In the case
of 3-5 year olds responding to the forw ard / i / illusion (Fig. 28), all 5 of the
subjects w ho had either tw o or three incorrect responses, responded w ith
the visual representation / g i/ or other rather than the "fused" /d a /
response.
In the case of 21 -25 year olds responding to the backward / a / illusion
(Fig. 29). only three of the fifte e n subjects had tw o or three incorrect
responses. Of the rem aining tw elve subjects, fiv e were m arkedly affected
(4-5 incorrect responses) and seven w ere m arkedly not affected (0 incorrect
responses) by the illusion. This trend was observed throughout the data fo r
the experim ental conditions across the age groups. As such, the trend may
be explained by the above presented hypothesis of d iffe rin g attentional
strategies across subjects: some subjects attend to evidence of
aud ito ry/visu a l conflict w hile others don't. Very few subjects attend
inconsistently.
Furtherm ore, in d ivid u al subject’s response types were consistent
w ith in illusion conditions. For example, those w ith fo ur incorrect responses
w ith in a condition most lik e ly responded w ith fo ur fused or visually
representative responses rather than w ith responses that were evenly
distributed across the incorrect response types. This clustering of response
types indicates the need fo r fu rth e r research which would more carefully
define subject variables which possibly influence the strength of the illusion
and the d istrib u tion of incorrect response types. Careful research in this
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Figure 28. Individual Subject Responses U> Auditory /b i/
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Figure 29. Individual Subject Responses to Auditory /g a /
and Visual /b a /: Age Group 21-25 years
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area would contribute valuable inform ation to the development of a more
complete theory o f speech perception.
Vowel Differences
Results of the ANOVA indicated a significant difference in the number
of incorrect or illusion type responses given across vowels. This is not
surprising since the past lite ra tu re (McGurk & MacDonald. 1976, MacDonald
& McGurk. 1978) has found significant differences between responses
depending on the consonant contexts used. Figure 23 and 24 illu stra te the
vow el differences across age groups fo r the forw ard and backward illusion
respectively. Looking firs t at the forw ard illusion (Fig. 23), it is apparent
that the responses to the illusion involving the vow el / i / showed a stronger
developm ental trend than did the responses fo r the vowel /a /. The
responses to both vowels did, however, suggest a positive correlation
between the subject s age and the increasing strength of illusion. For both
vow el conditions, b u t more so fo r / i/ , a large increment in the num ber of
incorrect responses is seen between the tw o children s and the tw o adult
groups.
Results across vowels fo r the backward illusion (Figure 24) show ye t
another pattern

Incorrect responses to the backward illusion were fa irly

sim ilar across the vow el conditions fo r three out of the four age groups. The
exception was the 11-13 year old age group whose total number of incorrect
responses to the backward illusion involving /a / was substantially greater
than to the backward illusion involving / i/ . This higher figure also departed
from a steady developmental trend as it was greater than the incorrect
responses of the 21-25 year old group fo r the same condition. As mentioned
earlier, a strikin g characteristic of the responses to the backward illusion
was the large number of incorrect responses across vowels for the senior
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group. This age group was clearJy much more affected by the backward
illusion than were any of the other three groups. The seniors were also the
only age group to be almost equally affected across vowels fo r both o f the
a u d ito ry/visu a l experim ental conditions.
The differences found between vow el conditions, particularly fo r the
forw ard illusion, support the earlier discussed danger of generalizing the
strength of the McGurk illusion across stim u li conditions. More research
examining the vow el differences is needed, not only fo r different vowels, but
also fo r these vowels across consonant contexts.
W ith all o f the data available the respective influences of the
acoustic/spectral inform ation and the visual components of the bimodal
stim u li rem ain d iffic u lt to separate. One hypothesis regarding the greater
strength of / a / fo r the forw ard illusion centers on the visible differences of
mouth configuration fo r the tw o vowels and the interaction of these
differences w ith consonant contexts. The production /aga/, fo r instance,
involves much more mouth movement than does the production /ig i/. It is
possible that the strength of the McGurk illusion is correlated to the amount
of mouth movement fo r the forw ard illusion condition.

I f so, the relative

lack of difference across vowels fo r the backward illusion may be p a rtia lly
explained by the greater amount of mouth movement involved in the
production of / ib i/ versus /ig i/.
I t is suggested th at fu tu re research focusing on vowel differences
control fo r presentation order effects through counterbalancing. The vow el
differences found w ith in the current study would have been more reliable if
half of the subjects in each age group had been firs t presented w ith tria ls
involving the vowel /a /.
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Gender Differences
Subjects w ith in the age groups of the current study were distributed
approxim ately equally across gender to allow fo r comparison in the strength
of the illusion across males and females. These comparisons fo r both the
forw ard and backward illusion are displayed in Figures 30 through 33. The
results indicated little difference between males and females on either vow el
condition of the forw ard illusion. There were, however, substantial
differences between males and females o f the senior group on both vowel
conditions of the backwards illusion. The results showed that senior male
subjects tended to be much less affected by the m odality conflict than were
senior female subjects. A substantial difference was also revealed between
males and females of the 3-5 year old group fo r the backwards illusion
involving the vowels /a /

In this instance, however, females were much less

affected b y the conflict o f modalities.
Although there was no substantial difference between 3-5 year old
males and females in terms of correct versus incorrect responses to the
forw ard /a / illusion, there appears to be a difference in the type of incorrect
responses given. As discussed earlier, a large num ber (49.33%) of the the 35 year old group's responses to the forw ard /a / illusion represented the
visual component of the stim ulus rather than a fused response. When
analyzed b y gender, it is apparent that the preschool girls responded w ith
visual component representation during 60% of such tria ls w hile th eir male
counterparts responded w ith the visual representation on 33 3% of the trials.
Although 33% is s till greater than the visual responses of any other age
group, there does appear to be gender differences fo r this particular
experim ental condition.
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Figure

30.

Male versus Female Responses fo r
Auditory /b a / and Visual /g a /
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Figure

31.

Male versus Female Responses fo r
Auditory /g a / and Visual /b a /
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Figure

32.

Maie versus Female Responses fo r
Auditory / b i / and Visual / g i /
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Figure

33.

Male versus Female Responses for
Auditory / g i / and Visual / b i /
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Due to the re la tive ly sm all num ber of males and females w ith in each
subject group, establishing the significance o f the differences found across
gender is d iffic u lt. A dditional studies investigating the McGurk illusion,
w hich focus on gender differences, p a rticu la rly in young children and
seniors, are needed to ascertain w hether the findings o f this study were
indeed va lid or w hether they represent a sampling e rro r due to small
num ber o f male and female subjects w ith in each age group.
Summarv
The strength of the McGurk illusion using the consonants / b / and /g /
in com bination w ith the vowels / a / or / i / was examined across fo u r subject
age groups. The results indicated significant differences and interactions
across all main effects including age, vowel, and condition. Contrary to
hypotheses presented in the lite ra tu re , descriptive analysis of the data
indicated th at the percepts o f young children are affected by the
a u d ito ry/visu a l conflict of certain stim ulus combinations. Further
description provided in triguing trends in terms of response types w ith in and
across subjects. The manner in w hich the illusion was manifested varied
across age groups and individuals tended to be either m arkedly affected or
not affected by the a u d ito ry/visu a l conflict.
The previously unexplored area of the McGurk illusion in the senior
population yielded p a rticu la rly strikin g results. Unlike the three younger
age groups, the senior subjects were found to be strongly affected by all four
experim ental conditions of the McGurk illusion. This population was affected
approxim ately equally by the forw ard and backward illusion and by the two
vow el conditions.
Several theories regarding the origin of developmental differences
were discussed in lig h t of both the past and present findings. These theories
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included differences in lip reading skills, physiological capabilities of
in te r modal perception integration, and attention strategies. Attentional
strategies were p articularly emphasized as a novel but potentially
productive manner o f approach fo r fu rth e r study.
Descriptive analyses o f the data was also perform ed fo r relationships
involving the variables of gender and response type distribution. Finally,
suggestions and discussion regarding the need fo r fu rth e r research and
possible areas of study w ith in in te r modal speech perception were presented.
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APPENDIX A. Breakdown of Age and Gender Across Subjects

Grp. A

Grp. B

Grp. C

Grp. D

Subj. Gender Age Subj. Gender Age Subj. Gender Age Subj. Gender Age
I
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Male
Male
Male
Female
Female
Female
Female
Female
Female
Male
Male
Female
Female
Female
Male
Ratio
F -9
M - 6

5:2
5:0
3:10
4:3
3:8
4;9
4;0
5:1
3:9
3:4
3:9
5:4
5:4
3:10
4:5

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Male
Mate
Male
Female
Female
Male
Male
Female
Female
Female
Male
Female
Male
Female
Male
Ratio
F -7
M - 8

12:6
12:0
12:4
11:6
12;3
13:8
11:2
12;6
12:7
11;6
12:3
11;0
11:3
12;6
12:4

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Female
Female
Male
Female
Male
Male
Female
Female
Female
Male
Male
Female
Male
Male
Male

23:6
25:0
25:2
24:1
21:11
24;11
25:11
24:0
25:2
24:11
23:0
2 i;1 0
22:7
22:4
21:8

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Ratio
F -7
M- 8
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Male
Male
Female
Male
Female
Female
Male
Female
Male
Female
Male
Female
Male
Male
Male
Ratio
F -6
M -9

65:10
60:0
61:5
62:2
65:8
62; 10
57:3
59:6
56:5
57:3
59:4
57; 11
62:7
64:8
61:1

APPENDIX B
DATA RECORDING SHEET

Subject No.

FIRST SET

t r i a l ITEMS

SECOND SET

1__________

1.

I._

2.

2.

2. .

3.

3

3 -

4.

4

4 ..

5

5 .-

6

6 ..

7

!..

Ô
9

9._

10 .

10.

11.

II.

12 .

12.

13

13

14.

14.

15

15.

18.

16.

17.

17.

16.

1Ô.

19.

19.

20.

20.
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APPENDIX C. Data Base Sample for Individual Subject Totals

Subject; a l

g control

b control

83

forward

backward

Set 1
igi - 0
Ibi - 0
id i-0

Set 1
ibi - 0
ig i-0
id i-0

Set 1
id i-0
ib i-0
igi - 0

Set 1
ibgi - 0
ib i-0
ig i-0

Set 2
aga-0
aba-0
ada-O

Set 2
aba-O
ag a -0
a d a -0

Set 2
ada-0
aba-O
aga-0

Set 2
abga-0
aba-O
a g a -0

ME

^mm

Scan
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APPENDIX C (cont'd). Data Base Sample for Group Totals

84

Group Totals
Age Range

fxlMale
Female

forward

backward

g control

b control

Set 1
ig i-0
ib i-0
id i-0
other-0

Set 1
Ib i-0
ig i-0
id i-0
other-0

Set 1
id i-0
ib i-0
ig i-0
other-0

Set 1
ibgi - 0
ib i-0
ig i-0
other-0

Set 2
ag a -0
aba-O
ada-0
Other-0

Set 2
aba-O
aga-0
oda-0
other-0

Set 2
ada-0
aba-O
aga-0
other-0

Set 2
abga-0
aba-O
aga-0
o th e r-0

C om pile Totals
P rin t Group
ma
N etii Group
S u b je ct Data
S u b je ct Totals

Scan
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APPENDIX D. Percentage Results Across Conflicts for the Study
of McGurk and MacDonald (1976).
STIMULI
Aud

SUBJECTS

%CORRECT

X INCORRECT

19
36
2

81
64
98

m

baba

gaga

3-5
7-8
18-40

gaga

baba

3-5
7-8
18-40

57
36
11

43
64
89

papa

kaka

3-5
7-8
18-40

24
50
6

76
50
94

kaka

papa

3-5
7-8
18-40

62
68
13

38
32
87
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